Abstract : Tid1, belonging to the Hsp40/DnaJ family of proteins, functions as a cochaperone of cytosolic and mitochondrial Hsp70 proteins. In particular, the Nterminal J-domain of Tid1 (Tid1-JD) constitutes the major binding sites for proteinprotein interactions with client proteins, including p53, as well as its partner chaperone, Hsp70. In the present study, soluble, recombinant protein of Tid1-JD could be obtained by using the pCold vector system, and backbone NMR assignments were completed using the isotope [ 13 C/ 15 N]-enriched protein. Far-UV CD result implied that Tid1-JD is an -helical protein and the secondary structure determined using chemical shift data sets indentified four -helices with a loop region containing the HPD (conserved tripeptide of His, Pro and Asp) motif. Additionally, NMR spectra under different conditions implied that the HPD motif, which is a critical region for protein-protein interactions of Tid1-JD, would possess dynamic properties.
INTRODUCTION
The specific pair of a heat shock protein 40 (Hsp40) and a heat shock protein 70 (Hsp70) is an essential chaperone system involved in protein translation, folding, unfolding, translocation, and degradation. 1, 2 In this machinery, Hsp70, which contains an ATPase domain and a substrate-binding domain, provides the chaperone core, while Hsp40 functions as a co-chaperone that delivers substrate polypeptides to Hsp70 and stimulates the ATPase activity of Hsp70. In E. coli, the best studied Hsp70 is termed DnaK and its canonical partner Hsp40 is termed DnaJ. 3, 4 All types of Hsp40/DnaJ family proteins contain a so-called J-domain that is homologous to the N-terminal 73-residue domain of E. coli DnaJ. 2, 5 Basically, J-domain constitutes the major site for the binding of Hsp40 to Hsp70, thereby determining specificity of the Hsp40-Hsp70 interaction. 1, 6 In particular, the HPD motif (a highly conserved tripeptide of His, Pro and Asp) is an essential part of J-domain for its binding to the Hsp70 in the ATP state. [4] [5] [6] Human Tid1 (tumorous imaginal disc protein 1), 7 also known as mtHsp40 (mitochondrial heat shock protein 40) or DnaJA3, 2,8 is a unique member of Hsp40/DnaJ family that overwhelmingly localizes to the mitochondria. [7] [8] [9] Although Tid1, with its N-terminal, mitochondrial targeting sequence, is efficiently translocated into the mitochondria, the protein plays many specific cellular functions including mitochondrial and nonmitochondrial activities, by interacting with cytosolic as well as mitochondrial Hsp70/DnaK proteins. [8] [9] [10] [11] Some Hsp40 proteins function in client binding, as well as binding to their Hsp70 partners. 1 In addition, it has been suggested that the J-domain alone is sufficient for some cellular functions of certain Hsp40 proteins. 1, 6 In this respect, it would be reasonable to expect that the J-domain of Tid1 may drive functional specificity of the protein. Indeed, Tid1 has been recently identified as the protein that recruits the p53 tumor suppressor protein to the mitochondria, thereby initiating the mitochondrial apoptosis pathway. 12 Furthermore, the J-domain p53 and the mitochondrial Hsp70 (also called mortalin) 13 might be functionally regulated by Tid1, particularly through its J-domain. Detailed structural information on the J-domain of Tid1 (Tid1-JD)
would contribute to the understanding of molecular mechanisms underlying functional diversity and specificity of the tumor-suppressive chaperone, Tid1. As an initial step of the structural study by NMR, production and preliminary structural characterization results of the recombinant Tid1-JD are reported in this paper.
EXPERIMENTAL

Cloning, Expression and Purification
In order to produce recombinant proteins of the J-domain, DNA fragments encoding the Jdomain were PCR-amplified from the cDNA clones of Tid1, as a template, which were generously provided by Dr. S.-W. Kim (University of Calgary, Canada). 
CD (Circular Dichroism) Spectroscopy
A standard far-UV CD spectrum of 25 M Tid1-JD dissolved in a 20 mM Tris-HCl buffer (pH 7.0) containing 10 mM NaCl was measured at 20 ºC on a Chirascan CD Spectrometer (Applied Photophysics, UK) equipped with a temperature-controlling unit, using a 0.5 mm path-length cell, 26 
Structural Characterization of the J-domain of Tid1
with a 1 nm bandwidth and a 1 nm step resolution. Three individual scans taken from 260 to 190 nm were summed and averaged, followed by the subtraction of the solvent CD signal. Finally, the CD intensity was normalized as the mean residue molar ellipticity (MRME).
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NMR Spectroscopy
NMR spectra were obtained on a Bruker Biospin Avance 800 spectrometer equipped with a cryoprobe, at KBSI (Korea Basic Science Institute 
RESULTS AND DISCUSSION
Our initial attempt to produce the soluble, recombinant Tid1-JD, using the overproducing pET vector systems, has failed since it resulted in insoluble inclusion bodies (data not shown). Finally, changing plasmids to pCold vectors, the subcloned Tid1-JD could be successfully over-expressed in soluble forms at low (15 ºC) temperature ( Figure 1A ). The resulting construct, H6 Tid1-JD, contains 17 nonnative residues at the N-terminus, including the His 6 -tag and the factor Xa cleavage site (underlined): MNHKVHHHHHHIEGRHM-. After cleavage of the tagged His 6 -tag by the protease factor Xa, the resulting product, Tid1-JD, contains two nonnative residues, HM-, at the N-terminus. 
Structural Characterization of the J-domain of Tid1
We confirmed that the finally purified Tid1-JD behaves as a monomer in solution, by gelfiltration analysis (data not shown). 15, 19 The standard far-UV CD spectrum of Tid1-JD showed that the recombinant protein adopts a well-folded structure ( Figure 1B) , and the overall shape of the spectrum was characterized by a positive band at 196 nm and a strong negative band with double minima near 208 and 222 nm, which are indicative of a typical -helical fold of a protein. Thus, in order to obtain more detailed structural information, NMR experiments were conducted.
As the purified Tid1-JD at high concentrations readily aggregated at low ionic strength, leading to a time-dependent precipitation, solvent buffer for NMR contained a high (300 mM) concentration of NaCl salt. As shown in Figure 2 reference value ranges), 16, 17 while "-1" represents the opposite pattern (-strand tendency). The chemical shift within the reference value range was marked as a "0". 13 C CSI was finally summarized as a consensus-CSI derived by a simple "majority rule" (two or three out of three). 20 The length of error bars with the TALOS+-predicted backbone dihedral angles,  (triangles) and  (rectangles), indicate the standard deviation from the average. 18 All of the assigned chemical shift data sets were applied to CSI and TALOS+ analysis to determine the secondary structure ( Figure 4) . The CSI and TALOS+ prediction results for secondary structure elements were in good agreement with each other. Finally, the determined secondary structure indicated that Tid1-JD is an -helical protein, consistent with the CD result, and identified four -helix elements: 1 from D6 to Q9, 2 from S18 to K31, 3 from K43 to V57, and 4 from D60 to D68. Then, the conserved HPD motif (H34 to D36), being located within the loop region between 2 and 3, was adjacent to the 2. As mentioned above, the D36 residue didn't show amide
proton signals under all conditions tested, probably due to chemical exchange or conformational equilibrium at an intermediate time scale. Similarly, the most variable peak in Figure 2 was finally assigned to the H34 residue, which was readily broadened or disappeared upon changing temperature or pH. The three internal residues, T37, N38 and K39, in addition to the N-and C-terminal residues, were classified as "Dyn" (dynamically disordered) 18 in the TALOS+ prediction. All those results suggest exclusively dynamic properties of the inter-helix loop region between 2 and 3, including the HPD motif. Thus, it is postulated that the peculiar dynamics at the HPD motif could play a significant, functional role in its dynamic interaction with Hsp70 proteins. 5 Taken all together, backbone NMR assignments of Tid1-JD were near completely achieved in this study and secondary structure was determined in solution. We expect that the present results will eventually provide the most fundamental and critical data for progressing studies of the fine 3D structure of Tid1 and its intermolecular interactions for diverse cellular functions.
